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& ( 2 ) 5ft-c$e«u ( i ) &&t>&$>ti&m (t 

S,) tf(2) &ip$>»t?ti&m (TS,) ctOtAtV^ 

TS, = 386X <C (%) +Mn (%)/5 + Si 

(%)/7|+1150XTi (%)+2630XNb 

(%) +162XMo (%) -0. 20XCT-4. 3 

3Xt + 5 0 (N/mm 2 ) (1)5$ 

TS 2 = 770-2200X (t/D) (N/mm') 

(2)3* 

827STS2620 (N/mm 2 ) (3)5$ 
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fcfc'U t : ;U7°$im (mm) , D : VNMT^hfS (m 
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tlf^IIl] C : 0. 04-0. 08%. S i : 0. 
10 — 0. 30%, Mn: 1. 2 0—1. 70%. T 
i:0. 02 0 — 0. 070%, Nb: 0. 0 3 0 — 
0.080%. Mo:0. 10 0 — 0. 5 0 0%£-&l - 

t . mm* f e a x v^mwumfr £ & $m- £ . 

1 2 0 0—1 30 O'ClzDumLxmmEMZIMLtKT) 



*>. 4 5 0-5 6 o°c-e^ro-> fz&mx\ Tie ( 1 ) St 

*>M#£>tll>« (TS,)^{3) ^^)1l^.$-tt. 
o. §^f&c^#L£ (YS)*5(4) 3$Sr«£§tf 4fc 
tf>teBSR:5l3S3fi$ (TS,)*(2) 5$T5£«U 
( 1 ) 5ft*»4>»4.ii4«[ (TS, ) # ( 2 ) afrbftt* 



TS, = 386X {C (%) +Mn (%) /5 + S i (%) /7 } +1150 
XTi (%) +2630XNb (%) +162XMo (%) -0. 20XCT- 
4. 33xt + 50 (N/mm') ( 1 ) g£ 

TS 2 =770-2 200X ( t/D) (N/mm 2 ) ( 2 ) 5£ 

827^TS^620 (N/mm*) (3)5* 



(N/mm*) 

: JM79m (m 



YSS55 1 
fcft'U t : sUTPim (mm) . D 
m) . CT : ^BXiSJg CO 

[ft#®2] C : 0. 04 — 0. 0 8%, S i : 0. 
10 — 0. 3 0%. Mn : 1 . 2 0—1. 70%. T 
i : 0. 02 0—0. 070%, Nb: 0. 030- 
0.080%. Mo: 0. 10 0 — 0. 5 0 0%£# 

Cu : 0. 2 0 0 — 0. 5 0 0%. Ni : 
0. 1 0 0 — 0. 4 0 0%. V: 0. 0 3 0 — 0. 10 
0%Od*>O^^<i:i>lSSr^. HSOTetJitf 
TS 3 =386X { C (%) +Mn 
XT i (%) +2630XNb (%) 
+74XCu (%) +9 8XN i (%) 
(N/mm 2 ) (5) 'aS 

TS 2 =770-2 200X ( t/D) (N/mm 2 ) 

827§TS^620 (N/mm 2 ) ( 3 ) it 

YSSS5 5 1 (N/mm 2 ) ( 4 ) 5*1 



(4) 
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( 3 ) 5$£#!££-fr. aPff&OHK&S (YS) # 
( 4 ) 5££MJ13tf4fctf>t;:«&®*gi363a§ (TS 2 ) 
$• ( 2 ) sJTtJSSU ( 5 ) ffi (T 

S 3 ) ^'(2)^|#^|,^§ (TSj) ±Dfc 



(%) /5 + S i (%) /7 > +1 1 50 
+ 162XMo (%) +392XV (%) 
0. 20XCT-4. 33xt + 50 



mm 



(2 ) ^ 



fcfc'U t : ;nMTI*]/¥ (mm) . D : (m 

m) . CT : ^axaas CC) 
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0 \izM%cr^7 a y>M 7mwmm<r>mth Lxmttz 

(00 0 2] 

im&co%ffi] )g^. 5^AM/it mmfftmfa±.% 

kLTJi. APIfflfiW5L-X65~8 0A«a(9ilt 
ft ** . C^tt>5L-X8 0 *^ £ffiRdSJ!& 4 ft 
TW. API 5L-X8 OTIi, (T 
S ) : 6 2 0 —8 2 7 N/m m 2 . RHfoSi ( Y S ) : 5 
5 1 N/mm 2 liJl±h^$nTV^|,. 

[0003] ay*, icoj: otzmmm.^* vtM-rmn 
nmrnwrnttt L-tii. Ti-Nbi, Nb-vM 



*&9&mm<?ym&frt>* mat mtk* (ys> / 

(TS) ) 0±RR£i~ »f-{i*^8 5%iaT 
[0004] HRt=J*g«Wg^(£KHWt'fl:fc:«, Cico 

mcommz& <, *t « . c *oflMwj±#«a«3 «t rflwt» 

mitik*mz>Zbi±X'Z%\,\ £tz. C&<7)MMz£& 

[0005] f&wis&g&j vtM ymnwamsn 

W&rmt LTfS. C : 0. 4%iiTF. S i : 0. 8% 
WT. Mn : 0. 3— 1 . 8%. A 1 : 0. 0 1—0. 
10%. N:0. 00 30%OT2r#W-rSk^. N 
b : 0. 01—0. 10%. V : 0. 01 — 0. 15% 

^i^j^SrS W»Htf (VfMm 5 8 - 1 9 4 6 2^ 
ffi) . C : 0. 3 0%tlT, S i : 0. 80%JJTF. M 
n : 2. 0%OT. A 1 : 0. 0 1—0. 1 0%. N 
b : O: 01-0.1 5%*:-^*L. ^O. V : 0. 0 
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1 — 0. 20%. Ti : 0. 005-0. 100%C0d 

fafrktt&W&NB (WpBHBa6 3-2 0 64 2 5#^ 
ft) SriftfSSISSrtX^S. 
[00 06] 

[*H#IHfeLJ: a fc-r&KHJ ±SE«FBWB 5 8 - 1 9 
4 6 2 -f-^-fg^ fctffcWMIH 63-20642 5^$B 

4fc». AP I«*gO5L-X8 0<9«fcdfc:3l3I3$$ 

(ts) t±TRi*^asesixT^4*&. Huia^fiSc^® 

4rtfMT*>& t . 3I3B9I£ ( T S ) *>±TI8£*Mi.4*r 



ML. API 5L-X8 0^3fiaeitS«*J?W£-C*« 1 
[0008] 

[ mmzrnm- & 3 *^joit 1 <ois3§> 

S7-f^^7^yBfffl|SiiiUl C : 0. 0 4- 
0. 0 8%. S i : 0. 1 0—0. 3 0%. Mn : 1. 
20 — 1. 70%. Ti : 0. 020 — 0. 070%. 
Nb : 0. 0 3 0 — 0. 0 8 0%. Mo : 0. 10 0 — 
0. 500%£-&3fU fflt&F eteXttt^IiSm^M 
tytfr^&MR* , 1 200—1 30 CCtCjlfi&LTSfe 
HUB££SSL*: <?)*>. 4 5 0 — 5 6 O'CX'^JRO. TIE 
( 1 ) ftfrV&htlh®. (TS, ) # < 3 ) 5$£*1JS.£ 
-It. ««SW>HHfo£ (YS)*>'(4) i$£PJ££ 
*4K^SI=Sr5[51»$ (TS 2 ) £ ( 2 ) aTCJgfiU 

( 1 ) 5$*> ffi (TS,)*M2) &frt>% h 

ftl>ffi(TS 2 ) J:9t>*&<LTV^. 



m 

[0007] *»Ha^Bw«, ±ie«!*aafwX(Si^» 

TS,= 386X {C (%) +Mn (%) /5 + Si <%)/7> +1150 
XTi (%) +2630XNb (%) +162XMo (%) 

4. 33Xt + 50 (N/ram!) (1)5$ 

TS 2 =770-2200X (t/D) (N/mm 2 )-- 

827^TS^620 (N/mm 2 ) (3)5$ 

YSS551 (N/mm 2 ) (4)5$ 

JM y$\W ( mm ) . D : >M ( m — 0 . 

mwm. (°o 

C : 0. 04—0. 08 



0 . 2 0 XCT- 



(2)5$ 



m) . CT 
[0 0 09] tfc 



1 0 0%cod*>^-:3:< t tltm. SSfjD* 
F efeilPf^jKflWK***^*^*. 1 2 0 0- 
1 3 0 0°CtJnSftLT^EEffi2:JfeL^<7)*>. 4 5 0- 
5 6 0°C-C«9. TIE ( 5 ) 5$#>£>»£>ixl>fil (TS 
, ) ** ( 3 ) 5$£ii££-t±. HtfftoRftoS ( Y 
S) # (4 ) ^fciPtjaStfajfcibtoBg&giSgSas (T 
S 2 ) Sr ( 2 ) 5$T5£i8U ( 5 ) 5$*>^#^>il«.ffl 
(TS 3 ) # (2) 5&&»4>ft6*U.fI (TS 2 ) JcOfc* 



%. S i : 0. 1 0 — 0. 30%. Mn : 1 . 20 — 
1.70%. Ti : 0. 02 0 — 0. 0 7 0%. Nb : 
0. 0 3 0 — 0. 0 8 0%. Mo : 0. 1 0 0 — 0. 5 
00%£#^. Cu : 0. 200 — 0. 500 

%. N i : 0. 1 0 0 — 0. 4 0 0%. V : 0. 0 30 

TS 3 =386X {C (%) +Mn (%)/5 + Si (%) /7 } +1150 
XTi (%) +2630xNb (%) +162xMo (%) +392XV (%) 
+ 74XCu(%)+98XNi (%)-0. 2 0 X CT 

-4. 33Xt + 50 (N/mm 2 ) (5)5$ 

TS 2 =770-2200X (t/D) (N/mm 2 ) 

827§TSS620 (N/mm 2 ) ( 3 ) 5$ 

YSS5 5 1 (N/mm 2 ) (4)5$ 

JtrtfL. t : iMTfaW- (mm) . D : AMT^g (m 
m) . CT : CC) 
[00 10] 

&&&&7C3rCft6;ft( x 0. 0 4%OTT-{±^OS&a* J 
-HKC$r<. 0. QS%iMz-&t74 ysUTt LX 
^^Kv4^##fM-*fctf>> 0. 04 — 0. 08% 

[ooii] si am^crMmmt Lx^m^mmx 



(2)5$ 



o. lox&mx'teznw&w+ftxKK. * 

fc. 0. 3 0%^fii^i:Wili|tS i 0,XMHc 
££^*hU-^affS#$l£U&< 0. 10 
-0.3 0%*: Ltz. 

[0 0 12] Mn\tCtnWzM<&SJ&t:±MZi£i>7t 

mxh->x. mm&mzt>whTh&rf. 1. 20%* 
mx'teznmmH-ttx^ . 1. 7 0%2-ss^ 

f6±UB<=5r!.Ot\ 1. 2 0-1. 70%tL)t. 

[0013] n bimmxig&i&fflmtmktffiitigjm 
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iz x ~>xmvm§L<?>±M*m&z t<r>x* himxhh 

bK 0. 0 3 0%&ffiXi±ZcD$}$ktf+ftX%<. £ 

x°%< . mtt<7)mm*&T-rz>cr>x\ o. 030-0. 

0 8 0%fcUc. 

[ooi4]TiiiNbt nmm.m.xm^mmiYM^ 

t #f ifi S&JH£ X -> T3Rtt3£Jg<0±#£ II § <! t COX # I. 

jmxhhfiK o. o 2 o%*jHTii-f<7)^* i +^T- 

3r<. ttz. 0. 0 7 0%ZMx-&t*cr)%}%.mm-t 
14*t>iKT$^l>c7)-C\ 0. 0 2 0-0. 0 7 0%hL 
[0015]MoliNb, Tit nW.WiM.X±Wj:^m. 

±%-*tt-5--?z>7tmx\ 3m%az<7>±&$:i>tzt>-?^- 

1-4 hCD^mzte-^tXTfoZfiK 0. 10 0%*iWT' 
te^comm^-frXtcK. 0. 5 0 0%£j@;i&h-e<7) 

-fL^it^W, 0. 10 0 — 0. 500%i:L7t. 
[0016] Cu, Ni, Vii±EN b , Ti. Mot 

Nb. Ti. Mot RUPWM-* -Hi-^Sft*^ <b*l 
^ftSKSr&^T. Culio. 2 0 0-0. 5 0 0%. 



0. 1 0 0%h L7t. 

[00 1 7 3 &fc^PI*j^#»#»££MS&ftoH& 

^i*t-pv^r rh^-s . ^ftrnzts^xmRcoMm 
ma. 120 ox:*stT«aani7c*<o-Hj-=srH***s4> 

iv$\ 1 3 0 0r^j@^|,fcM a B B SOffl^^ja#. 
H&ikCDjjft^&IS&^X- h <7)X\ 1 2 0 0 — 1300 
XlbLtz. Mi t<(4. 1 2 5 0— 1 2 80*CO 

[0018] fxaajmottflKauKi*. 4 5 or*arcti 

j-4 h%?<r>®MW±S&LXm&tf&itL. 4fc. 5 

<%&<T>X\ 4 5 0-5 6 0°Ct Ltz* 
[0019] *mUZ. JJEfc#W t fcRR©fefM3.J:tn r 
MiCO ( 1 ) sSifcU: ( 5 ) 5fr^f#<oil&ffi (TSj ) 
ifctt (TS 3 )*s(3) 5CSr8IJ£$-fr. MW& 

iz(4) %>tzti>\<z&mt:mm&* ( 2 > 

aftTSeaU ( 1 ) ( 5 ) 5fc&»£»4,*l** 

(TSj) 4fc« (TSj) *M2) 5*>£>*#<i>ix6ffi 
(TS 2 ) iH^^hCiot. S?«f^i5S3S 

? (TS) , ^(YS)AUPI 5L-X8 0<7) 
< ( 3 ) 5$, ( 4 ) > £}f!££t!:& J; 5 

Lfci>OT*£>£. Srfc. TIE ( 1 ) ( 5 ) 5$&£Tf 

( 2 ) Mi., wmm£<)mmizj£tbtz&;x'h&. 



NiliO. 1 00 — 0. 400%. VJ20. 030 — 

TS, = 386X {C (%) +Mn (%)/5 + Si (%) /7 > +1150 
XTi (%) +2630xNb (%) + 1 6 2XMo (%) -0. 2 0XCT- 
4. 33xt+50 (N/mm 2 ) ( 1 ) 

TS 3 =386X {C (%) +Mn (%)/5 + Si (%) /7 ) +1150 
XTi (%) +2630XNb (%) +162XMo (%) +392XV (%) 
+74XCu(%)+98xNi (%) -0 . 20XCT-4. 33xt+50 

(N/mm ! ) (5) 5$ 

TS 2 =770-2 200X (t/D) (N/mm>) ( 2 ) 5$ 

827STSS620 (N/mm 2 ) (3)5$ 

YS§551 (N/mm 2 ) (4)5$ 



[ 0 0 2 0 3 ±IE ( 1 ) fttfzli ( 5 ) 5Wi. 3l5fi3££ 

( 2 ) St(4. WS&nmtA ( Y S ) **A P I 5 L — 
X8 0O«tSffi (§551 N/mm') SrSfjaS-fr*tC 
^^5l5S3i $ * . HI tartfiWKJfc ( Y R ) { MKA 

(YS) /3I5R3££ (TS) xi 00%} bJUTcom 

m ( t ) /*hfi ( d ) \tt<nmmt^M^tzi>cox'h 

S. 3r£. HUiHHfcJt (YR).t^MT^I ( t ) 
/*Kffi ( D ) tttcol8ffl&jF-tl>cr>X\ suycomm 
( t ) /*m ( D ) ittfT&T-t&lzLtztfiX . 

vu-mk<mmtfm&h tc o , rm^s ( y s > o-kt 

(c «t 0 JiBH^Jt (YR) #fl£T LT ^* . 



[002 13 

[H*£^J3 ^ 1 CStftf^SllN o . 1 -9C0* 

k^n o . 10-18 coitmncomxz , a 2 

^C0*>. *2CSrrSJIXiaK"C»JR9. mie ( 1 ) 
feti (5) sCiOTSjifeJiTSB^^st^t. a 

2c^-r^sc7)«^^*M«f*. «p»sw)iins (4) 

mffi&m£&lz<&m%TS 2 $: ( 2 ) stfcj; 93etf> 
^Irt^rSrS^L. JIS Z 2 2 4 1 fcffi^cO^MW 

[00223 

[an 
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% 


8* 
ft 








<b 3* 




(%) 










No; 


C 


Si 


Mn 


Ti 


Nb 


Mo 


Cu 


Ni 


V 




1 


0.06 


0.15 


1.85 


0.047 


0.046 


0.25 










2 


0.05 


0.20 


1.20 


0.069 


0.031 


0.36 


0.30 


0.30 






3 


0.08 


0.14 


1.25 


0.027 


0.041 


0.40 


0.21 


0.11 


0.10 


ffi 




ft fid 


ft OA 


1 AO 
l.Od . 




A t\AQ 


A Q1 










6 


0.07 


0.19 


1.58 


0.029 


0.034 


0.49 






0.04 


133 


6 


0.04 


0.11 


1.21 


0.022 


0.078 


0.26 










7 


0.08 


0.21 


1.68 


0.049 


0,047 


0.12 




0.38 




0U 


8 


0.05 


0.20 


1.27 


0.047 


0.052 


0.31 










9 


0.08 


0.28 


1.46 


0,040 


0.043 


0.45 


0.48 


0.18 






10 


0.04 


0.09* 


i.27 


0.043 


0.046 


0.08* 


- 


— 


— 




11 


0:03* 


0.20 


1.46 


0.081 


0.037 


0.23 


— 


— 




it 


12 


0.04 


0.15 


1.33 


0.024 


0.028* 


0.37 


0.31 


0.28 


— 




ia 

io 


0 rut 


0 1 fi 




A AIR* 


ft ft 9 ft* 


ft AA 








«* 


14 


0.07 


0.21 


1.56 


0.027 


0.032 


0.36 










16 


0.05 


0.20 


1,42 


0.022 


0.043 


0.43 








■ #J 


16 


0.08 


0.24 


1.15* 


0.032 


0.037 


0.25 










17 


0.06 


0.23 


1.61 


0.032 


0.042 


0.15 










18 


0.08 


0.13 


1.45 


0.049 


0.047 


0.31 
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lit 

£NO» 


CC) 


CC) 


* »«T s y n >*» 


(l)*/if3LCo)5I!i 


(2)3CJ-c£ u a? 
(N/mm*) 




. 1 


1230 


470 


12.7X328.9 


692 


684 


* 


2 


1240 


470 


5.3X 457.2 


769 


744 




3 


1230 


450 


11.13X609.6 


756 


730 


as; 


4 


1210 


500 


12.7X273.1 


671 


668 


i 


5 


1230 


460 


11.1X406.4 


727 


710 




6 


1230 


500 


7.9X508.0 


742 


736 




7 


1240 


560 


12.7X323.9 


732 


684 






1210 


450 


9.53X406.4 


723 


718 




9 


1260 


480 


9.53X 909.6 


796 


736 




10 


1810* 


600* 


12.7X323.9 


617* 


984 




11 


1240 


500 


5.3X467.2 


672* 


744 


it: 


12 


1230 


510 


11.13X609.6 


677* 


730 




13 


1230 


470 


12.7X273,1 


634* 


668 




14 


1230 


450 


11.1X406.4 


684* 


710 




16 


1200 


560 


7.9X508.0 


692* 


736 


W! 


16 


1170* 


520 


12.7X323.9 


639* 


684 




17 


1260 


530 


9,63X406.4 


674* 


718 




16 


1240 


520 


9.53X609.6 


726* 


736 



[0024] 
[«3] 
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E 


K 
6% 

No. 






(N/mm2) 


mega*;* 
<N/mm2) 




1 


OQ«5 






2 


O/D - 






3 


668 


751 




4 


656 


675 




5 


662 


719 




6 


666 


765 




7 


688 


726 




8 


563 


733 




9 


603 


790 




10 


4w* 


DID" 




11 




<>7U 




12 


520* 


682 




13 


815* 


629 




14 


638* 


676 




15 


517* 


692 


ft) 


16 


609* 


642 




17 


526* 


685 




18 


547* 


727 



[00 2 5] mi-msiz^-rttso. *wm<r>wm. 
no. i~9«, v^^fcft^j^^ferxtcjrtMflut. 
^juaafi*«*fMBw(Sfflrt'c* o . ( i ) icaifc 

ii ( 5 ) *&»6»fefL*ft** ( 2 ) *&»£>»6*i.**.fc 
D*#^fttf>. R^a^liaSftBbWJM^A (YS).^I 
(TS) ftfcAPI 5L-X8 0tf)St&ffl£9! 
J8.$-£tvv&. ;iit«L, Jt«Wtf>Ki*N o . 10? 
ti. ftf^S i s MofcfctfteMfcittK, ^JRilK 
0 . ( 1 ) s^xMfUx&fi** 

SftKtetJwe, HMfoS (YS), 3l3fi3££ (TS)ftC 
API 5L-X8 0<73Sfgffi#»&*fcftTV*4. *>fc. 
JtJR0lwiiS«No. l Hi. fls^rt^C*«*Wfl^)l8 
WVX'b <0 , ( 1 ) 5Stt>£>#£>ft3ffi# ( 2 ) 3W>>£f# 

§1363*$ (TS) #API 5L-X8 0O£lfgffi£i?! 
JtUV^tW. ^M(YS)fr'API 5L-X 

o . 12(1 fl£*J&£-l> N b ***fffi*JDKffl?l-'C» 0 , 



( 5 ) afrh&bti&mtf ( 2 ) ^*>4>»fe*tS«J: 0 

S)j5>'API 5L-X8 0<DMt&fe&WzLX^&i> 
cnco. mkM. ( Y S)*'API 5 L-X8 0<O3S*g(I 

s<bc*<:» itmmcomw o . 13 

ti. IL^&ftnT itf*¥ffl<?>&Wr\-X'& r ) . 

( 1 ) &frt>%t>tihtit8 t ( 2 ) 5&&»4>»£>*t&tt«J: 0 
/Jn£u£#>. S*^SS«B§U*C*s^"t. 3I3I3£$ (T 
S)#API 5L-X8 0«03M8tfSri8fcL'O**fc 
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